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TECHNICAL FIELD 

[0001] The invention pertains to atomic layer deposition (ALD) methods, and 
also pertains to methods which can be utilized for forming materials over 
semiconductor substrates. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductor fabrication frequently involves formation of layers over 
appropriate substrates. Numerous deposition methods can be utilized to form the 
layers, inc.uding, for example, chemical vapor deposition (CVD), atomic layer 
deposition (ALD), physical vapor deposition (PVD), etc. The invention described 
herein, while not limited to any particular deposition process except to the extent 
explicitly stated in the claims which follow, can be particularly useful for ALD 
technology. 

[0003] ALD technology typically involves formation of successive atomic 
layers on a substrate. Such layers may comprise, for example, an epitaxial, 
po.ycrystal.ine, and/or amorphous materia.. ALD may also be referred to as atomic 
layer epitaxy, atomic layer processing, etc. 

[0004] The deposition methods herein are described in the context of 
formation of materials on one or more semiconductor substrates. To aid in 
interpretation of the claims that follow, the terms "semiconductive substrate" and 
"semiconductor substrate" are defined to mean any construction comprising 
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semiconductive material, including, but no. limited to, bulk semiconductive materials 
such as a semiconductive wafer (either alone or in assemblies comprising other 
materials thereon), and semiconductive material layers (either alone or in 
assemblies comprising other materials). The term "substrate" refers to any 
supporting structure, including, but not limited to, the semiconductive substrates 
described above. 

[0005] Described in summary, ALD includes exposing an initial substrate to a 
first chemical species to accomplish chemisorption of the species onto the 
substrate. Theoretically, the chemisorption forms a monolayer that is uniformly one 
atom or molecule thick on the entire exposed initial substrate. In other words, a 
saturated monolayer. Practically, as further described below, chemisorption might 
not occur on all portions of the substrate. Nevertheless, such an imperfect 
monolayer is still a monolayer in the context of this document. In many 
applications, merely a substantially saturated monolayer may be suitable. A 
substantially saturated monolayer is one that will still yield a deposited layer 
exhibiting the quality and/or properties desired for such layer. 
[0006] The first species is purged from over the substrate and a second 
chemical species is provided to chemisorb onto the first monolayer of the first 
species. The second species is then purged and the step repeated with the 
exposure of the second species monolayer to the first species. In some cases, the 
two monolayers may be of the same species. Also, a third species or more may be 
successfully chemisortoed and purged just as described with first and second 
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mix ed with inert gas ,o speed up pressure sanation within a reaction chamber. 
p.007, Purging may invoive a variety o, techniques including, but no, iimited 
t0 contacting the substrate and/or monoiayer with a carrier gas and/or iowering 
pressure «o beiow the deposition pressure ,o reduce the concen.ra.ion of a spaces 
contacting .he subs.ra.e and/or chemisorbed species. Examples o, carrier gases 
inoiude N 2 , Ar, He, Ne, Kr, Xe, e.c. Purging may instead include contacting the 
substrate and/or monolayer with any substance that allows chemisorption by- 
products .0 desorb and reduces .he concen.ra.ion of a species prepare^ to 
introducing another species. A suitable amoun. o. purging can be de.ermined 
experimentally as known to those skilled in the art. 

[00 08] ALD is often described as a selMimiting process in that a finite number 
of sites exist on a substrate .o which the firs, species may form chemical bonds. 

Siting. Once all o, the finite number o, sites on .he subs,ra.e are bonded w„h a 

ponded with the substrate. However, process condifions can be varied in ALD to 
promote such bonding and render ALD no. self-limiting. Accordingty, ALD may also 
encompass a species forming other than one monolayer a, a time by s.acking o, a 

aspects o, .he presen. invention described herein as being ALD processes are 
applicable .o any circumstance where ALD may be desired. I. is further noted fha, 
,ooa, chemical reactions can occur during ALD (tor instance, an incoming reactive 
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m olecu,e can displace a molecule from an existing surface rather than forming a 
mo noiayer over the surface). To the extent that such chemical reactions occur, they 
are generally confined within the uppermost monolayer of the surface. 
[00 09] Traditional ALD can occur within frequently-used ranges of 
temperature and pressure and according to established purging criteria to achieve 
, he desired formation of an overall ALD layer one monolayer a, a time. Even so, 
ALD conditions can vary greatly depending on the particular precursors, layer 
composition, deposition equipment, and other factors according to criteria Known by 
.hose skilled in the art. Maintaining the traditional conditions of temperature, 
pressure, and purging minimizes unwanted reactions tha, may impact monolayer 
formation and quality of the resulting ALD layer. 

[0010] The general technology of chemical vapor deposition (CVD) includes 
a variety of more specBic processes, including, bu, no, limited to, plasma-enhanced 
CVD and others. CVD is commonly used to form non-selecthrely a complete, 
deposited material on a substrate. One characteristic of CVD is .he simultaneous 
presence of muKiple species in the deposition chamber that react to form the 
deposited materia,. Such condition is contrasted with the purging criteria for 
traditional ALD when a substrate is contacted with a single deposition species that 
chemisorbs to a substrate or previously deposited species. An ALD process regime 
may provide a simultaneously contacted plurality of species of a type or under 
cenditions such that ALD chemisorption, ratherthan CVD reaction occurs. Instead 
o, reacting together, the species can be chemisorbed to a substrate or previously 
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deposited species, providing a surface under which subsequent species may next 
chemisorb to form the complete layer of desired material. 
[0011] Under most CVD conditions, deposition occurs largely independent of 
the composition of surface properties of an underlying substrate. By contrast, 
chemisorption rate in ALD might be influenced by the composition, crystalline 
structure, and other properties o, a substrate or ohemisorbed species. Other 
process conditions, for example, pressure and temperature, may also influence 
chemisorption rate. Accordingly, observation indicates that chemisorption might no, 
occur appreciably on portions of a substrate though it occurs a, a suitable rate on 
other portions of the same substrate. 

[0012] Though the invention has particular application for improving ALD 
processes, if is to be understood that the invention can have application to other 
deposition processes. Accordingly, the invention is no. to be limited to ALD 
processes, except to the extent that ALD processes are explicitly recited in the 
claims that follow. 

SUMMARY OF THE INVENTION 

[0013] I" one aspect the invention includes an atomic layer deposition 

within an atomic layer deposition reaction chamber to align precursor molecules 
during atomic layer deposition. I. both an electric field gradient and a magnetic „eld 
gradient are utilized, the electric field gradient can be independent o, the magnetrc 
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Held gradient, or the electric field gradient and magnetic field gradient can be 
together comprised by an electromagnetic field. 

[0014] in one aspect the invention encompasses a method of forming a 
serial over a semiconductor substrate. The semiconductor substrate is provided 
„„„ a reaction chamber, and a, leas, fwo different precursors are flowed into the 
reaction chamber a. different and substantially non-overlapping times relative to one 
another to form me materia, over at leas, a portion of the substrate. A, leas, one of 
the precursors is asymmetric with respec, to a physical property, and a field 
influencing the asymmetric physical property is oriented within the reaction chamber 
during formation of the material from the precursor. 
[00151 m one aspect the invention encompasses a process in which a 
semiconductor substrate is provided wKhin a reaction chamber and a precursor is 
flowed into the reaction chamber as part o, an ALD process. The precursor within 
me reaction chamber is in the form of a population o, precursor molecules. The 
individual precursor molecules have an anisotropic charge distribution, and have an 
electronic axis extending from a relatively electrically negative pole o, the molecules 
t „ a relatively electrically positive pole of the molecules. An eleCric field within the 
reaction chamber Is orienfed while the precursors are wi,hin the reaction chamber, 
and the oriented electric field influences an averaged direction o, the electronic axes 
wi , hi n the population of the precursor molecules in the reaction chamber. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[00161 Preferred embodiments o, me invention are described below * 

reference to the following accompanying drawings. 

[00 17, Fig. 1 is a diagrammatic, cross-seotiona, view of an exempt 

mSi R g. 2 isadiagramma,ic,cross-sec,iona,viewo,aregiono,areac,ion 
chamber proximate a substrate at a preliminary processing stage o, a pnor ad 
method utilizing ammonia (NH 3 ) as a precursor. 

[0019, Fig. 3 is a diagrammatic view o, an ammonia molecule illustrating an 

e,ec.ronic axis (I.e. dipole) associated with the molecule. 

[002 0, Fig. 4 is a diagrammatic, cross-sectiona, view o, a region o, a reaCon 

invention utilizing ammonia as a precursor. 

[0021, Fig. 5 is a diagrammed coss-sectional view of a portion o, a reaction 
chamb er shown at a preliminary processing stage o, an exemplary ALD process o, 
the present invention. 

[ 0022 , Fig. 6 is a view of the Fig. 5 chamber portion shown at a processing 
stage subsequent to that of Fig. 5. 

[0023, Fig. 7 is a diagrammatic, cross-secfional view of an exemplary 
.action chamber in accordance with an alternative embodiment the present 
invention relative to that described with reference to Fig. 1 . 



7 



S\mi22\2296\p01 doc 



Docket No. MI22-2296 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[00241 This disclosure of the invention is submitted in furtherance of the 

„< th = 1 1 =s Patent Laws "to promote the progress of science 
constitutional purposes of the U.S. Patent Laws ro v 

and useful arts" (Article 1 , Section 8). 

[0025] The invention includes methods in which one or more asymmetric 
physical properties of a precursor are utilized to align the precursor during a 
deposition process. Specifically, afield influencing an asymmetric physical property 
o» a precursor is oriented within a reaction chamber during a deposition process 
utilizing the precursor, and the influence of the oriented field affects an alignment of 
the precursor within the reaction chamber. 

[0026] in particular aspects, the asymmetric physical property of the 
precursor can be an electronic distribution around the precursor, and the oriented 
fie ,d within the reaction chamber can be an electric field and/or a magnetic field. I. 
both an electric field gradient and a magnetic field gradient are utilized, the electric 
field gradient can be independent o, the magnetic field gradient, or fhe electric field 
gradient and magnetic field gradient can be together comprised by an 
electromagnetic field. The precursor having .he asymmetric electronic distribution 
can be an electrically neutral precursor (such as, for example, ammonia), or can be 
an electrically charged precursor. 

[0027] in some aspects of .he invention, two or more precursors can be 
flowed into a reaction chamber to form a materia, over at leas, a portion of a 
substrate. The dMerent precursors can be within the reaction chamber a. 
overlapping times during, for example, chemical vapor deposition processes or 
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other processes in which it is desired to have two or more precursors 
simuftaneously within the reaction chamber. In other aspects of the invention, 
different precursors can be flowed into the reaction chamber at different and 
substantially non-overfapping times relafive ,o one another «o form a material over 
at least a portion of .he substrate. Such aspect can occur in, for example, ALO 
processes in which it is desired to remove substantially all of one precursor from 
within a reaction chamber prior to introducing another precursor into the reaction 
chamber. The term "substantially air is utilized to indicate that an amount of 
precursor within the reaction chamber is reduced to a level where gas phase 
reactions with subsequent precursors (or reactan, gases) do no. degrade the 
properties of a material deposited on the substrate. Such can, in particular aspects, 
indicate that all of a firs, precursor is removed from fhe reaction chamber prior to 
introducing a second precursor, or that a* leas, all measurable amounts of the firs, 
precursor are removed from .he reaction chamber prior to introducing the second 
precursor into the chamber. 

[00281 H two or more precursors are introduced into a reaction chamber a. 
different and substantially non-overiapping times relative to one another .0 form a 
material over a substrate, all of the precursors can be asymmetric relative .0 a 
property influenced by the field introduced into the reaction chamber, or only some 
0, the precursors can be asymmetric relative to the property influenced by the field. 
,n either even,, the field can be altered a, the time when one precursor is introduced 
into the reaction chamber relative .0 a time when a different precursor is introduced 
into the reaction chamber. For instance, the field can be turned off when a 
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particular precursor is within .he reaction chamber, and turned on when a different 
precursor is within the reaction chamber. Atternativeiy, the field can be oriented to 
increase along a firs, axis when one of the precursors is introduced into the reaction 
chamber, and can then be changed to increase along a different axis when another 
precursor is introduced into the reaction chamber. 

[0029] Venous aspects of the invention are described with reference to Figs. 
1 -7 for a particular application in which an electric field is utilized to control 
alignment of one or more polar, or otherwise anisotropic precursors within a 
reaction chamber. 

[0030] Referring initially to Fig. 1 , an exemplary apparatus 10 suitable for 
utilization in particular exemplary aspects of the present invention is shown. 
Apparatus 10 includes a vessel 12 having a reaction chamber 14 therein. A 
substrate holder 16 is provided within the reaction chamber 14, and such supports a 
substrate 20. Substrate 20 can be, for example, a semiconductor substrate, such 
as for example, a monocrystalline silicon wafer. 

[0031] An inlet 22 extends through a sidewall of vessel 1 2 and into reaction 
chamber 14, and an outlet 24 extends through a sidewall of vessel 12 and from 
reaction chamber 14. In operation, reactants (i.e., precureors) are introduced into 
inlet 22 and flowed into reaction chamber 14 (as indicated by arrows 26 and 28), 
and materials are purged or otherwise exhausted from chamber 14 thorough outlet 
24 (as indicated by arrow 30). 

[0032] A valve 32 is shown across outlet 24, and such can be utilized to 
control flow of materials through outlet 24. Additional valves (no. shown) can be 
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provided in apparatus 10 to control flow through reaction chamber 14, with an 
exemplary location .or an additional valve being across inlet 22. Additionally, a 
pump (no, shown) can be provided downstream from outlet 24 to assist in 
exhausting materials trom within reaction chamber 14. 
[0033] Reaction chamber 14 can be considered to comprise an upper region 
34 and a lower region 36 in the shown exemplary application. Substrate 20 is 

upper region 34, and is utilized to disperse precursor across an upper surface o, 
substrate 20. Dispersal structure 38 has a plurality o. orifices 40 extending 

the arrows 28. An exemplary dispersal structure 38 is a so-called showerhead. 
[0034, Apparatus 10 is configured for flow o, a pair of precursors info reacflon 
chamber 14. Specifically, a pair o, sources 50 and 52, comprising firs, and second 
precursor materials respectively, are shown upstream o, inle, 22. The sources are 
in fluid communication with a valve 54 so that materia, can be flowed from the 
sources, through valve 54, and fhen info inle, 22. Valve 54 can be configured so 
M only one precursor a. a lime can be flowed trom sources 50 and 52 info 
chamber 14. In other words, valve 54 can be configured so thai precursor fiow from 
source 50 into reaction chamber 14 is exclusive relative to precursor flow from 
source 52, and vice versa. Accordingly, precursor flow Irom source 50 will be a, a 

and «he time that precursor is flowed from source 52 into the chamber, the 
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precursors from souroes 50 and 52 wil, no. mix within ohamber 14. In suoh 
aprons, pre oursor fto w f ro m souroes50 a n d 5 2 in t oo h am b eruwi„ b ea t 

diff e,en. and substantially non-ovedapping times retative to one another, and 
« wit, he a, different and absolutely non-overlapping times reiative to one 
another. Apparatus 10 oan thus be utilized for ALD processes. 
[0035, The apparatus 10 is shown schematically, and it is to be understood 
« other configurations can be utilized for ALD processes to accomplish no, 
overlappingflowoflwoor more precursors into a reaction chamber. Also, ifisfobe 

pesidesfhe precursors from sources 50 and 52. For instance, an inert gas can be 
purging the precursor from the reaction chamber. 

[0036, Apparatus 10 is configured to establish an electric field between the 
upper region 34 o, reaction chamber 14 and fhe lower region 36. Specifically, the 
dispersal structure 36 and wafer holder 1 6 are electrically connected to a power 
sourc e 56 ,o establish a charge differentia, between the upper region 34 and ,he 

t0 one or more structures (including the shown dispersal structure 36) in ,he upper 
portion of the reaction chamber 14. 
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[0037, The configuration of Fig. 1 is but one of many methods that can be 
utilized to establish an electric field gradient wifhin a reaction chamber, and if is «o 
b e understood that other methods can be used in various aspects of the invention. 
For instance, instead o, utilizing a common power source 56 fo provide a charge 
differential between a structure in the upper region of fhe reaction chamber and a 
structure in fhe lower region of the reaction chamber, if is to be understood .ha, 
m u„ip,e power sources could be utilized. Also, if is to be understood tha, a charge 

0) the reaction chamber can be established by providing a charge differentia, 
between ofher structures either addHionally to, or afternatively to those shown. 
Further an elecfric field can be esfablished in other orientations wtthin reaction 
chamber f 4 instead of, or additionally to, .he shown gradient extending between the 
upper region o, the chamber and me lower region o, .he chamber. For ins«ance, a 
charge gradient can be established between the shown left side o, the reaction 
chamber and the shown right side of the chamber. 

[0038] The electric field established between fhe upper region 34 of reaction 

deposition processes, for aligning molecules having an anisotropic charge 
distribution. An exemplary molecule having an anisotropic charge dis.ribu.ion is 
ammonia (NH 3 ). 

[0039] Fig. 2 illustrates an exemplary prior art deposition process utilizing 
NH , Specifically, Fig. 2 illustrates a region 60 within a reaction chamber. Region 
60 comprises the substrate 20 described above, and comprises NH 3 precursors 
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proximate an upper surface of the substrate 20. The NH3 precursors are randomly 
distributed. 

[0040] Fig. 3 ilius.ra.es a molecule 0. NH 3 and shows .ha. .he molecule 
possesses a dipoie. Specialty, .he molecuie has an electronic axis 62 extending 
(rom a relatively electrically negative pole 0, the molecule .0 a redely electrically 
positive pole ot .he molecule. Accordingly, .he molecule has an anisCropic charge 
distribution. 

[0041] Fig. 4 illustrates a region 64 0. a reaction chamber illustrating an 
aspe c o, .he present invention during deposKon wi.h NH 3 precursors. Region 64 
oomprises .he substrate 20 described above, and comprises a plurality of NH 3 
precursors proximate an upper surface 0. the substrate 20. An electric field 
gradient 66 is established with power source 56, and such gradient aligns the NH 3 
precursors within the reaction chamber. The alignment 0. the precursors can 
pr0 vide various improvements in an ALD process 0, the present Invention relative ,0 
prior art processes, including, for example, improved surface coverage, and more 
efficient reactions (which can reduce .he exposure time for a precursor ufilized ,n 

art methodology). 

[0042] The shown individual NH 3 precursor molecules can be considered ,0 
be a popu,a.ion 0, precursor molecules. The orien.ed electric field 66 provided by 
power source 56 can be considered to influence an averaged direction 0, the 
electronic axes 0. fhe population 0. the precursor molecules within the reaction 
chamber, as well as, or alternatively .0, considering the electric field ,0 influence any 
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particular individual molecule of NH, In other words, a given population of 
molecules of NH 3 within a reaction chamberwill have an averaged direction of the 
electronic axes o, the individual molecules. ,n the absence o, an oriented electronic 
fie ,d the molecules will theoretically be enfirely randomly distributed within the 
r eac,ion chamber, and accordingly the averaged direction o, the elecfronic axes 
across fhe population of precursor molecules will be zero. In contrast, provision o, 
an orienfed electric field wi.hin a reaction chamber in accordance with an aspect of 
the present invention can induce a charge across the population of precursors, 
which reduces randomness of the distribution and thus creates a measurable non- 
zero averaged direction of the electronic axes within the population o, precursor 
molecules. In particular aspects, all of the precursor molecules may be exactly 
aligned along .he electric field axis 66 as shown in Fig. 4. In ofher aspects, .he 
popula.ion of precursor mo.ecules can include some precursors which are not 
absolutely aligned along the electnc field gradient 66, but nonetheless the 
population as a whole can have an averaged electronic axis which extends 
approximately along the electnc field gradient established by power source 56. 
[0043] NH 3 is but one precursor having an anisotropic charge distribution 
which can be influenced by an electric field. Numerous other precurso* are known 
which can also be influenced by electronic field. The precursors can, commonly to 
NH 3 , compnse nitrogen and hydrogen, or can comprise entirely different elements 

than NH 3 . 

[0044] The shown charge gradient 66 is utilized to align the nitrogen of NH 3 
t „ward an upper surface of substrate 20. I. is to be understood that the invention 
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includes Cher aspects (net shewn) in which a charge gradient is utilized te atign 
NH 3 in an epposite direction. Also, depending en the precurser, i, may be desired 
t0 align charge gradient 66 in a direction different than that shown in Fig. 4. In 
pedicular aspects o, the invention, two or more precursors can be utilized, and 

charge gradient 66 can be changed between the time that one o« the precursors . 

within the reaction chamber and the time that another o, the precursors is within the 

reaction chamber. 

[0045] The shown gradient 66 can be considered to be a vector indicating 
that the electric field increases from the negative pole to the positive pole. In 
particular aspects of the invention, it can be desired to utilize a firs, electric field 
vector during provision of one precursor, and to then change the vector pnor to, 
during, or after provision of a second precursor within a reaction chamber, and to 
maintain the electric field along the second vector for at leas, some period of time 
while the second precursor is within the reaction chamber. The second vector can 
be in any appropriate onentation relative to the firs, vector, including, for example, 
an orientation which is exactly opposite to the firs, vector (i.e., an orientation in 
which an angular difference between the first and second vectors is about 180"). In 
some aspects it can be desired to orient the second electric field vector exactly 
opposite to the firs, electric field vector prior to flowing the second precursor, and to 
use the second electric field vector to alleviate undesired reaction of any residual 
first precursor with a film formed over the substrate from the firs, precursor. 
[0046] An exemplary ALD system utilizing NH 3 and SiCI. to torn, a material 
(such as, for example, silicon nitride) is described wfth reference .0 Figs. 5 and 6. 
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,„ describing Figs. 5 and 6, similar numbering will be used as was used above in 
describing Figs. 1-4, where appropriate. 

[0047] Referring initially .o Fig. 5, a substrate 20 is shown within the portion 

(in toe shown embodiment, layer 70 is formed over an entirety of the shown upper 
surface o, substrate 20). Layer 20 can correspond to a monolayer in parfiouiar 
aspects of the invention. 

[0048] Referring to Fig. 6, the ammonia has been removed from the reaction 
chamber and subsequently SiCU is flowed into the reaction chamber. As the 
process o, Figs. 5 and 6 is an ALD process, the SICU can be flowed into the 
.action chamber a, a substantially non-overlapping time relative to the flow o, the 
ammonia into the reaction chamber. 

[0049] Fig. 6 illustrates power source 56, bu, does no, show an electric field 
gradient generated by the power source. Since SiCU has an isotropic charge 
distribution, the molecule will no, be aligned by an electric field general within ,he 
r eac,ion chamber. Accordingly, ,he eleCric field can be turned off when the SiCU ,s 
presen, in the reaction chamber. Alternatively, the electric field can be left on in the 
reaction chamber, as it should not adversely impact the deposition o, SICU. 
[0050, The SiCU is incorporated within the materia, 70 (Fig. 5), ,o convert ,he 
materia, to a material 80. In particular aspects, materia, 70 o, Fig. 5 comprises, 
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consists essentially of, or consists of silicon, nitrogen and hydrogen; and material 80 
of Fig. 6 comprises, consists essentially of, or consists of Si 3 N 4 . 
[0051] The ammonia of Fig. 5 can be considered first molecules in the 
processing of Figs. 5 and 6, and the SiCU of Fig. 6 can be considered second 
molecules. Materia, 70 of Fig. 5 can be considered to comprise components of the 
first molecules, and material 80 can be considered to comprise components of the 
first and second molecules. Materials 70 and 80 are described to comprise 
■components- of the first and second precursor molecules to indicate that the 
materials comprise a. leas, portions of the firs, and second precursor molecu,es. In 
particular applications the materials can comprise an entirety of one or both of the 
first and second precursor molecules incorporated therein, and in some applications 
the materials can comprise only a portion of one or both of the precursor molecules 
incorporated therein. 

l0 052] The diagrammatic illustration of Figs. 5 and 6 shows but one of many 
types of ALD processes. In other processes, the second precursor would form a 
physically distinct layer from that formed by the firs, precursor. Such processes can 
still be considered as forming a common material from the first and second 
precursors, but in such case the material comprises two discrete layers. The 
processing of Figs. 5 and 6 can be considered to be one iteration of an ALD 
process, and in particular aspects the iteration can be repeated multiple times to 
form material 80 to a desired thickness. 

[0053] The aspect of Fig. 1 is but one exemplary aspect of a reaction 
chamber which can be utilized in methodology of the present invention. Fig. 7 
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urates another exemplar aspect. Fig. 7 is shown with identical numbering as 
was utiiized in describing Fig. 1 . The apparatus o. Fig. 7 can be seen to be identica, 
,o that described above reference to Fig. 1 , except that the apparatus o. Fig. 7 
comprises a plasma 100 which was absent from the apparatus of Fig. 1 . The 
apparatus of Fig. 7 can be utilized in, for example, plasma-enhanced ALD. If 
chamber ,0 is utilized in plasma-enhanced ALD, the plasma ,00 can be present 
together with one or more of the precursors utilized in the ALD. Reaction chamber 
10 can alternatively be utilized for plasma-enhanced CVD, or other plasma- 
enhanced deposition processes. I, electric field vectors are utilized in combination 
with plasma-enhanced ALD or plasma-enhanced CVD, the vectors can be utilized 
to orient ions formed during the plasma-enhanced processes. 
[0054] Any of the processes described and claimed herein can be utilized in 
combination with other processes. For instance, an ALD process described and 
claimed herein can be utilized in combination with one or more CVD processes 
and/or one or more ALD processes. 

[0055] The electric field gradient described with reference to Figs. 1-7 is but 
one type of field that can be utilized to orient molecules during a deposition process, 
and it is to be understood thai olher field gradients can be utilized in various aspects 
o, the invention. For instance, in some aspects of the invention the described 
metric field can be replaced by a magnetic field, and in ye. other aspects a 
magnetic field can be utilized in combination with an electric field. 
[0056] in compliance with the statute, the invention has been described in 
tanguage more or less specific as to structural and methodical features. I, is to be 
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and described, since the means herein disciosed comprise preferred forms of 
puffing the invenfion info effect The invenfion is, fherefore, claimed in any o, ft 
f orms or modifications wifhin fhe proper scope o, fhe appended claims appropriately 
interpreted in accordance with the doctrine of equivalents. 
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